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The Importance of Social Rewards and
Social Networks in the Human Brain

Dominic S. Fareri' and Mauricio R. Delgado?

Abstract

The rapid development of social media and social networking sites in human society within the past decade has brought
about an increased focus on the value of social relationships and being connected with others. Research suggests that
we pursue socially valued or rewarding outcomes—approval, acceptance, reciprocity—as a means toward learning
about others and fulfilling social needs of forming meaningful relationships. Focusing largely on recent advances in
the human neuroimaging literature, we review findings highlighting the neural circuitry and processes that underlie
pursuit of valued rewarding outcomes across non-social and social domains. We additionally discuss emerging human
neuroimaging evidence supporting the idea that social rewards provide a gateway to establishing relationships and
forming social networks. Characterizing the link between social network, brain, and behavior can potentially identify

contributing factors to maladaptive influences on decision making within social situations.

Keywords

reward, striatum, medial prefrontal cortex, social network, fMRI

Introduction

We live in an increasingly interconnected world. Recent
technological advances in communication and interac-
tion, from video calls to the rampant use of social media
(e.g., Twitter) and social network sites (e.g., Facebook)
offer the opportunity to be virtually connected with oth-
ers at will. Recent estimates indicate an active monthly
Facebook user database of 1.15 billion users and an active
daily Facebook user database of almost 700 million
(http://newsroom.fb.com/Key-Facts). These numbers
powerfully illustrate the importance placed on social net-
works in modern human society. The significance of
forming social groups (Axelrod and Hamilton 1981;
Rand and others 2011) and long-standing close relation-
ships (Dunbar 2012) is not necessarily surprising and
may represent an evolutionarily conserved phenomenon.
However, their increased prevalence in our society today
begs the question of what makes a social network so com-
pelling? Is there something about being part of a network
or group that signifies some value to us? Are we moti-
vated to pursue connections with others so as to satisfy
some need that is related to our survival or well-being,
similarly to other biologically relevant goals or rewards
(e.g., food, sex)?

Behavior across species is at its core goal-directed,
motivated in large part by positive outcomes—for exam-
ple, rewards—that confer benefits and aid survival. Food,
money, and sex are all powerful rewards that carry

significance (i.e., value) not only because they can provide
pleasure, but because they also satisfy biologically relevant
needs. An extensive literature exists highlighting neural
mechanisms involved in pursuit and valuation of these
types of non-social rewards (Delgado 2007; Haber and
Knutson 2010; O’Doherty 2004). However, social needs
are equally relevant and motivating forces for behavior.
Indeed, research in recent years has converged on the
notion that socially relevant rewards may be represented in
neural circuitry overlapping with that for non-social
rewards (Bhanji and Delgado 2014), highlighting their
motivational relevance. For instance, the pursuit of other’s
approval and acceptance may reflect the desire to fulfill
social needs, underlying the importance placed on forming
relationships and social networks (Baumeister and Leary
1995; van Winden and others 2008).

Our day-to-day experiences often occur within some
social context—for example, collaborating with col-
leagues in the workplace—and involve members of our
social networks. While our social networks can be com-
prised of members with whom we share varying degrees
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of closeness, repeated interactions occur most frequently
with those people whom we have established close rela-
tionships (e.g., close friends, family members). The social
context created by close, in-network relationships can
influence not only our subjective daily experiences, but
decision-making behavior as well. Establishing links
between social network, underlying neural structure and
function, and social decision making is an exciting new
frontier in social neuroscience with the potential to
uniquely delineate mechanisms underlying social
behavior.

This review will characterize neural mechanisms sup-
porting reward-related behavior across non-social (e.g.,
pursuing rewards in an isolated manner for oneself, or in
the context of a non-social entity) and social contexts
(e.g., pursuing rewards in the context of others), with the
goal of highlighting the importance of social relation-
ships on motivated social behavior. We will first outline
neural structures comprising a circuit involved in valua-
tion of non-social rewards that are important for basic
biological survival across species. Next, we will discuss
differential functional roles of some components of this
putative reward circuit. We will focus largely on human
studies employing functional magnetic resonance imag-
ing (fMRI) in conjunction with behavioral methods,
which have highlighted significant roles for the striatum
and regions of prefrontal cortex. Third, we will review
the role of reward circuitry in coding the value of social
rewards and in supporting behavior during social interac-
tions. Finally, we will examine emerging evidence char-
acterizing the relationship between social network, brain
and behavior, with a specific focus on the interplay
between social network and neural regions involved in
reward valuation.

Neural Structures Supporting
Reward Processing

The importance of functional neural loops between areas
of prefrontal cortex and the basal ganglia (see Fig. 1) to
reward processing and goal-directed behavior has been
demonstrated across species (Haber and Knutson 2010;
Robbins and Everitt 1996; Sesack and Grace 2010).
Though traditionally thought to be a structure primarily
involved in motor function, the basal ganglia shares
extensive connectivity with cortical and subcortical
regions involved in executive function and affective pro-
cesses (Haber and Knutson 2010; Middleton and Strick
2000a; Robbins and Everitt 1996; Sesack and Grace
2010). This suggests a potentially broader role for the
basal ganglia. The striatum is a particularly important
component to consider, as it is the primary input unit to
the basal ganglia, receiving afferent projections from

Striatum

Figure I. A meta-analysis of 329 studies using Neurosynth
(Yarkoni and others 201 1). Depicted here is a “Reward”
reverse inference map (i.e., p[reward|activation]), which
indicates the likelihood that studies reporting blood oxygen
level-dependent (BOLD) activation in highlighted regions use
the term “Reward.” As can be observed, this analysis reveals
robust activation in putative reward circuitry. Highlighted
here are clusters in the bilateral dorsal and ventral striatum,
medial prefrontal cortex (mPFC), including anterior cingulate
cortex (ACC) and ventromedial prefrontal cortex (vmPFC).
Maps false discovery rate corrected at g < .05, z < 2.3.

numerous areas (Haber and Knutson 2010; Middleton
and Strick 2000a). We will focus primarily on the roles of
the striatum and medial prefrontal cortex in this review,
given their extensive roles in supporting reward-related
and social processing.

The striatum receives input from prefrontal cortical
regions as well as from subcortical nuclei, and is com-
monly subdivided into dorsal and ventral components
(Middleton and Strick 2000a; Robbins and others 1989;
Robbins and Everitt 1996; Voorn and others 2004).
Cognitive and motor aspects of reward processing are
often associated with the dorsal striatum—the caudate
nucleus and putamen—and are facilitated by afferents
from primary motor cortex, dorsolateral prefrontal cor-
tex (PFC) and medial PFC (mPFC) (Alexander and oth-
ers 1986; Middleton and Strick 2000b). Connections
with mPFC may specifically contribute to learning
action—outcome pairings (Delgado 2007; Haber and
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Knutson 2010; O’Doherty 2004; Ostlund and Balleine
2005; Pennartz and others 2011). More commonly asso-
ciated with hedonic aspects of reward processing (e.g.,
reward seeking/consumption) and computing learning
signals to aid in the association of reward outcome pre-
diction is the ventral striatum—the nucleus accumbens
(NAcc) and ventral parts of the caudate and putamen
(Haber and Knutson 2010; Pennartz and others 2011;
Robbins and others 1989; Robbins and Everitt 1996).
The ventral striatum receives afferents from neural
regions more traditionally implicated in affective pro-
cesses, including orbitofrontal cortex (OFC), dorsal
anterior cingulate cortex, ventromedial PFC, the amyg-
dala, and hippocampus (Groenewegen and others 1999;
Haber and Knutson 2010; Ostlund and Balleine 2007;
Pennartz and others 2011; Robbins and Everitt 1996;
Sesack and Grace 2010). Important reciprocal connec-
tions exist between the ventral striatum and midbrain
dopaminergic nuclei (Haber and others 2000; Haber and
Knutson 2010; Middleton and Strick 2000a; Robbins
and Everitt 1996; Sesack and Grace 2010), allowing for
dopaminergic influence on ventral striatal activity which
may support reward valuation and learning (Haber and
Knutson 2010; Middleton and Strick 2000a; Schultz
1997; Sesack and Grace 2010). Given its extensive con-
nectivity, the striatum can play an important role in inte-
grating both cognitive and affective signals central to
reward valuation and learning.

Functional Contributions of Striatum
and Prefrontal Cortex to Reward
Valuation

The striatum and medial regions of prefrontal cortex
support motivated behavior in large part by learning and
representing value signals for expected and received
rewards. An important mechanism potentially underly-
ing the pursuit of rewards involves the contributions of
midbrain dopaminergic neurons. Seminal rodent work
indicates that lesioning projections of midbrain dopami-
nergic nuclei to the NAcc in rats inhibits cocaine self-
administration (Robbins and others 1989; Robbins and
Everitt 1996). Corroborating findings in humans come
from fMRI studies of cocaine-addicted individuals, who
demonstrate stronger responses in the NAcc during
periods of drug craving (Breiter and others 1997).
Furthermore, increased BOLD responses in the midbrain
and dorsal striatum are observed in cocaine-addicted
individuals during drug consumption (Breiter and others
1997). These results provide initial evidence that valued
rewards, in this case drugs, can modulate activation in
components of putative reward circuitry (e.g., ventral
striatum) and that reward-related behaviors rely on this
neural circuitry.

Stimulant drugs such as cocaine are extreme examples
of reinforcers evoking reward value signals in the brain.
Other types of primary reinforcers, such as food and
juice, carry reward value because they satisfy basic sur-
vival needs (e.g., hunger, thirst), thus providing an impe-
tus for motivated behavior. A host of human fMRI studies
highlight the role of the striatum, medial PFC regions
(particularly OFC) and midbrain (e.g., ventral tegmental
area [VTA]) in representing reward value signals for pri-
mary reinforcers (Kringelbach and others 2003;
O’Doherty and others 2002; O’Doherty and others
2003a). Neural responses in these regions support subjec-
tive ratings of stimulus value (e.g., pleasantness)
(Kringelbach and others 2003; O’Doherty and others
2002), with functional dissociations demonstrated within
the VTA (linearly tracks the subjective preference of out-
come predicting cues) and the ventral striatum (preferen-
tially responds to cues associated with the most and least
preferred outcomes (O’Doherty and others 20006)).
Patterns of activation reflecting more specific compo-
nents of reward valuation processes have been reported in
OFC. For example, blood oxygen level-dependent
(BOLD) responses in medial and central OFC, respec-
tively, reflect both the goal value (e.g., the expected value
of a potential outcome) and the decision value (e.g., deci-
sion cost) when deciding which of varied primary rein-
forcers to pursue (Hare and others 2008; Plassmann and
others 2007). Electrophysiological recordings in non-
human primates corroborate a role for OFC in represent-
ing the value of primary reinforcers, showing that firing
rates of OFC neurons track the reward value of a stimulus
as well as changes in stimulus value over time (Clarke
and others 2008; Ostlund and Balleine 2007). In sum-
mary, findings across species support the idea that pri-
mary reinforcers such as food are valued goals that can
evoke reward value related activation in putative reward
circuitry.

Survival in modern human society dictates that sec-
ondary reinforcers such as money—that is, a reinforcer
that does not inherently satisfy basic biological drives—
are also critical. A significant body of evidence indicates
that valuation of monetary reinforcers is represented in
the striatum and prefrontal cortex similarly to primary
reinforcers (Bartra and others 2013). Anticipating
impending monetary outcomes of varying valence (e.g.,
positive/gain, negative/loss) and magnitude (e.g., high,
low) strongly recruits the ventral striatum (Knutson and
others 2001) as well as the caudate nucleus (Bjork and
others 2010); activation in these regions appears to scale
linearly with the value of the monetary outcome. The
striatum thus plays a role in tracking the subjective value
of an expected reward (Hsu and others 2009; Knutson
and others 2005). Adequately representing reward value
also depends on some experience with the reward. When
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winning (vs losing) money, the ventral striatum, caudate
nucleus (Delgado and others 2000; Delgado and others
2003), the orbitofrontal cortex (Haruno and others 2004;
O’Doherty and others 2001) and medial PFC (Knutson
and others 2003) also demonstrate increased BOLD
responses. These results not only highlight the fact that
valuation of secondary reinforcers (e.g., monetary out-
comes) rely on the striatum and medial prefrontal cortex,
but further support the idea that reward value signals are
encoded at different time-points (e.g., anticipation, expe-
rience), a point that will be revisited in the next section.

The value attributed to a reward depends on more than
just its monetary value, or qualities as a food; rather, the
context in which a reward is received can shape the sub-
jective experience of that reward. Indeed, increased
BOLD responses in the caudate nucleus are observed
when a monetary reward is obtained in an active (vs. pas-
sive) manner (Elliott and others 2004; Tricomi and others
2006). This may result from the increased salience attrib-
uted to actively pursuing a reward (Zink and others 2004),
or alternatively from a desire to link action and outcome
(Tricomi and others 2004) when earning various types of
rewards (Tricomi and Fiez 2008). Furthermore, striatal
BOLD responses track outcome magnitude (Delgado and
others 2003) and probability of outcome receipt (Delgado
and others 2005b; Haruno and others 2004) as well the
motivational salience of a secondary reinforcer (Delgado
and others 2004). Taken together, this extensive literature
indicates that the neural representation of expected and
experienced reward value depends on the integration of
multiple types of information.

Reward Learning

Neural signals representing expected and experienced
reward value are vital because they can be integrated
toward learning and adapting behavior. Associative and
reinforcement learning theories (Niv 2009; Rescorla and
Wagner 1972; Sutton and Barto 1998), suggest that learn-
ing is best when there is a mismatch between expecta-
tions and actual experience—i.e., a prediction error
(Dayan and Niv 2008; Niv and Schoenbaum 2008).
Midbrain dopaminergic nuclei and their targets appear to
be integral for this type of learning process.
Electrophysiological recordings from these nuclei in non-
human primates support a role in trial-by-trial learning,
with their activation patterns corresponding to a predic-
tion-error signal (Bayer and Glimcher 2005; Niv and
Schoenbaum 2008; Schultz and others 1997): peak firing
rates are observed first to unexpected rewards, which
shift over time (with learning) to the earliest predictor of
the reward. Prediction-error learning is characterized by
sensitivity to temporal aspects of delivery, as midbrain
dopaminergic nuclei decrease firing when rewards are

not received at their expected time of delivery (Hollerman
and Schultz 1998). A current outstanding debate within
the literature is the precise nature of whether midbrain
dopaminergic learning signals reflect only reward value
or both reward and aversive value. Recent findings sug-
gest that midbrain dopaminergic neurons code the pres-
ence of an unexpected reward, but not aversiveness or the
absence of aversiveness, suggesting potential alternative
neural mechanisms for representing other dimensions of
value (Fiorillo 2013). A counterpoint to this argument
however, is that differential midbrain dopaminergic neu-
ronal populations are involved in representing reward and
aversive components of value-based learning (Matsumoto
and Hikosaka 2009). Suffice to say that midbrain dopa-
minergic neurons are critical for prediction-error based
learning, but further research is needed to precisely define
the nature of these signals (e.g., reward specific or not).
Inspired by the dopaminergic prediction-error hypoth-
esis and findings from electrophysiological work
reviewed above, neurocomputational approaches to
studying reward-based learning in humans—for example,
fitting reinforcement learning models to behavioral and
fMRI data—consistently implicate the human striatum,
particularly the ventral component. Prediction-error sig-
nals are observed in the ventral striatum during both
Pavlovian and instrumental learning situations, suggest-
ing a more general learning signal represented within this
region (O’Doherty and others 2003a; O’Doherty and oth-
ers 2004), which can be used to modify subsequent
action—outcome based predictions (O’Doherty and others
2004). Action—outcome based predictions may rely on
the dorsal striatum (O’Doherty and others 2004; Pennartz
and others 2011), among other regions (Alexander and
Brown 2011). A wealth of additional fMRI studies sup-
port a role for the ventral striatum as a component of a PE
learning system (Daw and others 2011; Li and others
2011b; Schonberg and others 2007) that depends on
dopaminergic modulation (Palminteri and others 2012;
Pessiglione and others 2006). Related to the debate about
the precise nature of learning signals being coded by mid-
brain dopaminergic neurons, the role of the human stria-
tum in prediction-error based learning is still being
refined. Some recent evidence (Klein-Fliigge and others
2011) indicates that the striatum may code task specific
timing predictions, as opposed to a prediction-error learn-
ing signal per se. Another fMRI investigation reports
positive prediction error responses in the VTA, the nature
of which varies depending on the type of reinforcer used
(e.g., primary/secondary), and both positive and negative
prediction error signals in the ventral striatum for primary
reinforcers only (D’ Ardenne and others 2008). Still, addi-
tional evidence posits that computational signals within
the ventral striatum reflect action-based updating (e.g.,
behavioral policy) as opposed to a value-based outcome
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prediction error (Li and Daw 2011). Further work is
needed to characterize the learning signals encoded
within the striatum, but extant research reviewed above
points to a significant role for this region in reward
learning.

Learning to assign reward value via computational
learning processes on a trial-by-trial basis clearly informs
our understanding of the environment. A complementary
process, however, involves keeping a record of the his-
tory of experienced outcomes and changing contingen-
cies within the environment. Lesion studies and human
fMRI studies point to mPFC regions, specifically parts of
the anterior cingulate cortex (ACC), as a potential site for
tracking such quantities. Lesioning the ACC sulcus in
non-human primates impairs performance during a
reward-based task requiring maintenance of action-out-
come associations (Kennerley and others 2006). A similar
area of the ACC in humans appears important for track-
ing outcome history during volatile conditions when
learning about changing reward contingencies (Behrens
and others 2007). A recent model (Alexander and Brown
2011) posits that mPFC and ACC specifically may serve
to integrate reward-related information toward decision
making. Alexander and Brown posit that the role of
mPFC in reward valuation is to represent predictions
regarding potential outcomes of chosen actions.

Learning based on expected and experienced out-
comes is critical to successful adaptation to the environ-
ment. In conjunction with prefrontal cortical regions, the
striatum serves to facilitate updating of outcome-based
predictions. Though the focus of this review is on the
striatum and medial PFC, it is important to note that other
regions do contribute to prediction-based learning pro-
cesses. For example, the amygdala and hippocampus are
densely connected with the ventral striatum, as noted pre-
viously. One rodent model (Pennartz and others 2011)
posits that the amygdala sends excitatory cue-based
information to the ventral striatum, while the hippocam-
pus contributes input regarding the context surrounding
prediction-based learning. Thus, the ventral striatum may
integrate a host of information toward outcome-based
predictions. It is also worth noting that emerging fMRI
evidence implicates other subcortical regions potentially
playing a role in reward-learning, such as the hippocam-
pus correlating with prediction error during probabilistic
tasks (Dickerson and others 2011; Foerde and Shohamy
2011), and the amygdala, which has been linked to sig-
naling a more general signal regarding associability of a
stimulus with an outcome (Li and others 2011b).

Social Rewards

Human behavior frequently occurs within the context of
social situations and interactions, versus in isolated

contexts as in the extant literature covering non-social
reward processing described in the previous section. This
is a crucial point to consider, because social information
can influence our behaviors. As such, a complementary
question is whether the valuation of social outcomes, or
social rewards, relies on neural structures implicated in
coding the value of primary and secondary non-social
rewards, and how members of one’s social network may
further influence reward valuation processes.

Facial Attractiveness

Faces comprise one of the most extensive sets of social
stimuli that we encounter as humans. Faces can be expe-
rienced or perceived across a variety of dimensions and
provide a wealth of information about another person
(e.g., trustworthiness) and the surrounding environment
(e.g., impending threat). One such dimension that we can
assess in looking at faces is attractiveness, which could
be considered a metric of social reward value (Adolphs
2009; Adolphs and others 1998; Deaner and others 2005).
An early foray into social reward processing highlighted
that viewing attractive versus unattractive faces elicited
stronger BOLD responses in mPFC and OFC (O’Doherty
and others 2003b), and ventral striatum (Aharon and oth-
ers 2001). More important, however, these regions para-
metrically tracked self-reported attractiveness ratings of
facial stimuli suggesting that the subjective reward value
of social stimuli—here, an attractive face—may be coded
similarly to primary and secondary rewards (O’Doherty
and others 2003b). If this idea is indeed correct, that
attractiveness may be a social reward, then it should fol-
low that attractiveness would serve to motivate behavior.
Human males indeed wait longer and exert more effort to
view a highly attractive (compared with a less attractive)
female face (Aharon and others 2001; Hayden and others
2007) and BOLD responses in a posterior region of ven-
tromedial PFC correlate with individuals’ propensity to
pay more money to view an attractive face (Smith and
others 2010). Valuing social stimuli may well be a con-
served process as rhesus macaques forgo juice rewards in
order to view photos of socially desirable stimuli—for
example, female perinea (Deaner and others 2005)—sug-
gesting a possible evolutionary importance to social
rewards.

Social Acceptance and Approval

Facial attractiveness may be a valued social signal
because it can act as one of many social approach signals.
In other words, beyond it being hedonically pleasant to
view an attractive face, such stimuli could serve to moti-
vate social approach behavior (e.g., starting a conversa-
tion), and generating expectations about whether we
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would be accepted or rejected in our forays. An elegant
study by Somerville and others (2006) highlights the role
of the anterior cingulate in this process. They argued that
the dorsal anterior cingulate cortex (dACC) distinguishes
whether social expectations (e.g., will this person like
me) are met or violated, with enhanced BOLD responses
observed for violations. Ventral ACC (VACC), on the
other hand, distinguishes between social outcome valence
(e.g., accepted vs. rejected), showing stronger BOLD
responses to positive social outcomes (e.g., being
accepted) irrespective of expectation (Somerville and
others 20006). Interestingly, this ventral ACC response is
modulated by one’s level of self-esteem—Ilower self-
esteem is associated with stronger BOLD responses when
accepted by others compared with individuals with higher
self-esteem (Somerville and others 2010). Not only does
being liked elicit BOLD activation in reward value—
related circuitry (Davey and others 2010), but receiving
positive character evaluations from another (e.g., being
labeled trustworthy) elicits increases in striatal BOLD
responses (Izuma and others 2008). This activation over-
laps with striatal BOLD responses to those showing an
increased response to a high amount of monetary reward
in a non-social condition (Izuma and others 2008; see
also Rademacher and others 2010). Together, these find-
ings demonstrate that acceptance/approval may be treated
as valued outcomes similarly to food or monetary
rewards.

Moreover, while social acceptance or approval can be
processed as a reward in and of itself, it can also motivate
or change behavior. Participants demonstrate an increased
tendency to make charitable donations to certain organi-
zations when being observed with a potential to receive
approval for their behavior compared to when making the
same decision in isolation (Fehr and Camerer 2007,
Izuma and others 2010; Rilling and Sanfey 2011).
Furthermore, ventral striatal BOLD responses show
increased BOLD activity when participants decided to
donate with the chance for approval, compared to when
making the same decision alone (Izuma and others 2010).
While the ventral striatum has been implicated in proso-
cial decisions such as charitable giving (Harbaugh and
others 2007), the opportunity for social approval appears
to bring an added motivating factor during decision mak-
ing. It is possible that these social outcomes provide some
way of satisfying one’s need to belong, and may be a first
step toward establishing a social relationship.

Social Decision Making

Navigating our social world requires more than just gen-
erating expectations as to whether we will be liked by
others and judging facial attractiveness. While social sig-
nals such as attractiveness and acceptance can carry

reward value, we must engage in repeated interactions in
order to truly become accepted by others and build rela-
tionships (King-Casas and others 2005; van Winden and
others 2008).

Social interactions involve a concern for social prefer-
ences such as fairness and cooperation (Fehr and Camerer
2007; Rilling and Sanfey 2011). These preferences allow
us not only to evaluate others but also allow for them to
evaluate us on more than just appearance. Humans often
reject inequity or perceived unfairness in bargaining situ-
ations (Giith and others 1982) and act against their mate-
rial self-interest toward a common goal perhaps out of a
concern for reputation and expectation of reciprocity
(Berg and others 1995). Cooperation in particular during
interactions allows us to learn about others and can facili-
tate building of relationships. It has been suggested that
cooperation may be evolutionarily adaptive in part
because it may lead to future success (Axelrod and
Hamilton 1981), and as many interactions are repeated
(e.g., with the same people), decisions to cooperate may
be intuitive or a “default” mode of response (Rand and
others 2012).

Put another way, cooperation may be a form of social
reward because it confers social benefits. Cooperation is
typically measured using a paradigm known as the
Prisoner’s Dilemma Game (Rapoport and Chammah
1965) in which two parties simultaneously decide whether
to cooperate with each other to achieve a mutually benefi-
cial outcome or to defect in hopes of achieving maximal
personal gain. Participants generally choose to cooperate
with human partners toward mutually beneficial out-
comes, and the ventral striatum, mPFC, and ACC are
involved in processing outcomes achieved through
mutual cooperation (Rilling and others 2002; Rilling and
others 2004). These findings support the notion that
cooperation can act as a valued social signal or reward.

One construct underlying cooperative behavior is
trust. Within the context of decision making within social
interactions, trust may be conceived of as involving
expectations of reciprocity; that is, the extent to which we
believe another person will exhibit reciprocal behavior
(Cox 2004). Learning about another can thus occur by
forming an expectation about him/her when deciding
whether to pursue an interaction, and then observing
whether the interaction’s outcome matches our expecta-
tion. This is akin to trial-by-trial based learning processes
observed in non-social situations (Niv and Schoenbaum
2008; Schultz and others 1997), and recent evidence sug-
gests that social learning processes may rely on similar
neurocomputational (e.g., prediction error) mechanisms
(Kishida and Montague 2012).

A two-party exchange game known as the trust game
(Berg and others 1995) has proven useful in examining
trust behavior in social interactions. Here, one person
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(designated the investor) decides whether to keep all of a
given sum of money or send some percentage of it to a
second party (designated the trustee). Choices to send
money result in that amount of sent money being multi-
plied by a factor of three or four, of which the trustee can
then decide on an amount to return, if desired. fMRI
investigations of social learning via the trust game impli-
cate reward-based mechanisms in learning a partner’s
reputation for reciprocity. BOLD responses in the cau-
date nucleus of trustees in a repeated trust game paradigm
show a prediction error-like response that shifts in time to
the earliest predictor of an investor’s generosity (King-
Casas and others 2005). Thus, interactions based on trust
suggest that trust is akin to a social expectation which
relies on a prediction-error based learning signal. In fact,
learning about a partner may depend on dopaminergic
influence (Eisenegger and others 2013). The root of trust-
based interactions is reciprocity, and this may function as
a valued social reward in and of itself: participants dem-
onstrate a propensity to trust more cooperative partners
(e.g., those exhibiting reciprocity), and BOLD responses
in the ventral striatum are observed as strongest when
cooperative (Vvs. uncooperative) partners reciprocate trust
(Phan and others 2010).

Appraisals of partners as trustworthy and decisions to
trust depend on more than patterns of reciprocity. Some
evidence suggests that trustworthiness is a dynamically
evolving belief, drawing not only on a partner’s patterns
of reciprocity but also taking into account social signals
appraised from facial characteristics (Chang and others
2010). Furthermore, our behavior in trust-based social
interactions can be colored by prior beliefs or impressions
of others we may bring to a subsequent interaction
(Delgado and others 2005a). Impressions of others may be
obtained even before interacting with them (e.g., reading
or being told information about a person’s moral character—
instructed means). Such prior impressions (see Fig. 2)
can shape how we respond to actual outcomes of interac-
tions with a partner such that we tend to act in accordance
with prior impressions in the face of competing informa-
tion. For example, we may be more likely to trust some-
one of whom we have a positive impression, regardless of
whether they continue to act in a trustworthy manner
(Delgado and others 2005a; see Figs. 2A and 3B).
Furthermore, impressions gained from prior social experi-
ence (Fareri and others 2012a; see Figs. 2B and 3C) in
different contexts (e.g., not a trust-based interaction) tend
to bias learning mechanisms to rely on information con-
sistent with initial impressions when subsequently updat-
ing reputations about partners.

Outside influences on reputation learning may be a
result of the interaction of multiple learning and memory
systems. Indeed, emerging evidence suggests that multi-
ple systems in the brain likely interact with each other to

contribute to decision making (Delgado and Dickerson
2012; Packard and Knowlton 2002; Shohamy 2011;
Shohamy and Adcock 2010). Within social interactions,
learning information about an interaction partner through
instructed or declarative means (Delgado and others
2005a; see Fig. 2A) may be encoded via prefrontal and/or
hippocampal systems supporting declarative or episodic
learning (Doll and others 2009). These systems may sub-
sequently modulate the ability of striatal-based experien-
tial learning systems to incorporate new social information
(e.g., interaction outcomes) on a trial-by-trial basis
(Delgado and others 2005a; see Fig. 3B). This top-down
modulation of social learning would be consistent with
evidence from non-social situations demonstrating
blunted striatal learning signals after instructed infor-
mation regarding task contingencies (Li and others
2011a). Learning initial social information via experi-
ence in different contexts (e.g., forming an impression
of someone at work and then encountering them in a
personal setting), conversely, may bias behavior and
learning by amplifying trial-by-trial sensitivity to con-
sistent social information (Fareri and others 2012a; see
Figs. 2B and 3C).

Social Network and Reward

The idea of using past experience or knowledge about
another person to guide behavior, particularly when con-
sistent, is interesting within the context of establishing a
relationship. Reciprocity of trusting behavior is a valued
social signal which informs learning of reputation and, in
addition to other considerations (van Winden and others
2008), supports building a close relationship. Indeed, a
social need for belongingness entails a desire to have con-
sistent interactions with another person that are stable,
empathic and long-term, and associated with positive
affect (Baumeister and Leary 1995). Once a relationship
is established with another person who presumably
becomes part of our social network, we typically seek out
continued interactions characterized by positive experi-
ences involving self-disclosure, emotional support and
trust (Fehr 2004; van Winden and others 2008).
Furthermore, close, in-network relationships involve
merged representations of self and other such that a close
other’s characteristics and resources are often perceived
as one’s own, facilitating social closeness (Aron and oth-
ers 1991). It is possible that continued positive interac-
tions within established relationships serve to solidify or
reaffirm bonds or relationships. These factors—close-
ness, support, trust—which typify close, in-network rela-
tionships, may bring about positive affect and reinforcing
effects, a potential underlying mechanism for continued
pursuit of in-network interactions (Baumeister and Leary
1995).
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A. Instructed Learning

Instructed learning:
Separate vignettes about

three fictional partners that
contain information about
their moral compass.

N
Christopher Thompson

Alex Tudor Thomas Sweeney
‘Neutral’ Partner:
Morally neutral (e.g., missed
flight which later crashed)

‘Good’ Partner: ‘Bad’ Partner:
Morally praiseworthy (e.g., saved Morally unsavory (e.g., for own profit,
woman from burning building) impeded federal investigations)

Directed Experience

B.

Directed experience: t
Separate ball tossing
games with three fictional
partners portrayed as
‘good’, ‘bad’ or ‘neutral’
based on how they
interacted with the subject.

Christopher Thompson Joe Robinson

Figure 2. Task designs for investigating effects of prior social information acquired through instructed means or through direct
social experience on responses to trust interactions. (A) Instructed learning manipulation employed by Delgado and others
(2005a). Participants were presented with three vignettes about three fictional partners with whom they were to subsequently
interact in an iterated economic trust game. Personalities of the partners were manipulated within the vignettes to provide
information regarding their moral character and depict them as being morally praiseworthy (i.e., good), morally unsavory

(i.e., bad), or morally neutral. This manipulation was intended to influence participants’ decisions to trust each partner in the
subsequent trust game. No information regarding the neutral partner’s moral disposition was provided; the vignette for this
partner was constructed to be similarly arousing to the others, while lacking any direct involvement or action of the partner on
the surrounding events. All participants experienced all three conditions. (B) Direct social experience manipulation employed
by Fareri and others (2012a). Participants interacted with fictional partners via a computerized ball-tossing game (Williams and
others 2000) with whom they would later play an iterated economic trust game. Participants played three different versions

of the ball tossing game, each with one partner whose personality was manipulated with respect to the manner in which they
interacted with participants (e.g., always throw to participant, never throw to participant, throw to the participant half of the
time). Each version of the game also included a control partner whose personality was consistently neutral across all versions of
the game, and who was not included in the subsequent trust game.

Exciting recent evidence has begun to broach the
relationship between social networks/close relation-
ships and neural structure and function. An interesting
and influential hypothesis supporting the importance of
investigating this link is that our brain may have evolved
in conjunction with, or to support, increased sociality
and formation of social groups (Adolphs 2009).
Accordingly, positive correlations are reported between

amygdala volume and both the size (e.g., number of
members) and complexity (how many subgroups mem-
bers of one’s social network belong to) of participants’
real-world (Bickart and others 2011) and online (Kanai
and others 2012) social networks. Moreover, social net-
work size and the strength of intrinsic (resting state)
functional connectivity between medial amygdala
nuclei and areas involved in affiliative behaviors
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Figure 3. Trust game task design and results from Delgado and others (2005a) and Fareri and others (2012a). (A) In the trust
game, participants played as investors, endowed with $1.00 on each trial. Participants repeatedly interacted with one of the
three partners about whom they had previously learned on each trial and were presented with a photo of the partner and

a choice between two decision options. Participants could choose to keep the $1.00 for themselves or share/invest it with

their partner. A choice to share resulted in a multiplied amount of money ($3.00) going to the partner, whereas a choice to
keep ended the trial. If participants chose to share, their partner could then either return half of the shared amount ($1.50)

to the participant (reciprocate) or keep all $3.00, leaving the participant with nothing on that trial (defect). (B) When initially
learning social information about a partner through instructed means (Delgado and others, 2005a), neural responses in the
striatum to partner choices in the trust game are modulated by prior impressions. A differential response in the striatum

to partner choice (reciprocate or defect) was observed when no strong prior information about that partner was available
(neutral partner); however, when strong prior information was available (good partner), the striatum did not differentiate trust
game outcomes, suggesting social modulation of striatal responses. Figure adapted from Delgado and others (2005a), Nature
Neuroscience(8)11:1611-1618. (C) When initially learning social information via directed experience in a different context (Fareri
and others 2012a), participants rely behaviorally on information consistent with initial social information to update their beliefs
about their partners in the trust game. That is, participants are more likely to rely on reciprocation to update beliefs about their
partners when they have a positive prior impression of said partner, and more likely to rely on defection for partners carrying a
negative prior impression. Figure adapted from Fareri and others (2012a), Frontiers in Decision Neuroscience (6)148. doi: 10.3389/
fnins.2012.00148

(subgenual ACC, ventral striatum) also demonstrate a The relationship between social network and neural
strong relationship (Bickart and others 2012). These  function is equally interesting, yet even less character-
results suggest an important link between social net-  ized. Initial evidence laying the groundwork for investi-
work and neural organization. gating this interaction point to involvement of reward

Downloaded from nro.sagepub.com at RUTGERS UNIV on February 24, 2014


http://nro.sagepub.com/
http://nro.sagepub.com/

10

The Neuroscientist

valuation regions in experiences with “similar” others
and vicarious reinforcement (Mobbs and others 2009).
Mobbs and colleagues revealed that BOLD responses in
the ventral striatum are similar both when achieving
monetary rewards in a game and when viewing a socially
desirable other have success in the same game.
Furthermore, they demonstrated that the strength of con-
nectivity between ventral striatum and vACC when view-
ing a socially desirable other have success positively
correlated with how similar to oneself this person was
perceived. Perceptions of others as similar and/or desir-
able may therefore influence processing of reward value.
This is of note given that similar evidence has emerged in
non-human primates. Rhesus macaques prefer cues pre-
dictive of a reward going to a conspecific over those
which predict reward to neither the self nor other (Chang
and others 2011). Notably, the ACC gyrus appears to sig-
nal reward administration to self, other and both (Chang
and others 2012), suggesting related neural processes in
coding social and vicarious reward across species.

The findings reviewed in this section lay important
groundwork for investigating relationships between
social network and neural function. One recent study
(Meshi and others 2013) reports that BOLD responses in
the ventral striatum to positive social feedback—for
example, character evaluations (Izuma and others
2008)—is linearly related to the degree to which a person
uses and is invested in Facebook. Interestingly, ventral
striatal response to monetary reward receipt is not related
to Facebook usage, suggesting something unique about
the social reward of a positive evaluation. Another prism
through which to think about the effects of social network
on day-to-day behavior and neural function is to consider
how the social context created by members of our social
networks influences the value placed on social experi-
ences (Fareri and others 2012b; Fareri and Delgado 2013;
see Figs. 4 and 5). For example, one common social
experience is that of pursuing a shared reward with
another (e.g., working on a class project, trying to win a
competition together). If our social existence is driven by
a need to have continued positive interactions with
another person, then shared experiences with an in-net-
work other (e.g., someone with whom there is a close
relationship) may carry increased value compared shared
positive experiences with someone with whom we share
a more distant relationship. Indeed, emerging evidence
(see Fig. 4) indicates that shared positive (monetary) out-
comes with an in-network other (close friend) carry
increased value as compared to monetary gains shared
with an out-of-network other (confederate) or a non-
social entity (computer), as reflected in subjective ratings
and enhanced ventral striatal BOLD responses (Fareri
and others 2012b). Importantly, this pattern of BOLD
responses was related to how close participants were to

their friend (e.g., closer participants exhibited this dis-
tinction more so than those who were less close), suggest-
ing closeness as a potential mechanism for the increased
value of a shared in-network reward. This finding is in
line with models implicating relationship closeness and
attachment as important for social reward processing
(Vrti¢ka and Vuilleumier 2012), as well as those suggest-
ing that continued positive interaction and experiences
may reaffirm a close relationship (Baumeister and Leary
1995). Indeed, within close relationships, evidence points
to an enhanced propensity to pursue continued interac-
tions with in-network (vs. out-of-network others) others
with ventral striatal BOLD signals to reciprocation of
trust from an in-network other stronger than reciprocation
from an out-of-network other or non-social entity (Fareri
and others 2013).

Discussion

Establishing social relationships and being part of social
networks are crucial to human survival, providing a
means to meet social needs. Socially relevant rewards—
for example, attractiveness, approval, acceptance, reci-
procity—can all serve as valued social rewards in and of
themselves, and rely on neural mechanisms (e.g., cortico-
striatal reward circuitry) that support reward valuation in
non-social contexts. More important, social rewards can
provide gateways toward learning about others, building
personal social networks, and establishing close relation-
ships (e.g., close friendships, romantic relationships).
Repeated (positive) experiences with close in-network
others may be of significant value because they reaffirm
a need to belong and continually solidify social bonds.
Recent evidence suggests that positive experiences with
close in-network others are unique and processed differ-
ently than similar experiences with those less close or
even unknown (Fareri and others 2012b). However, given
the increased importance of social network and social
connection not only in modern society, but in terms of an
evolutionary context, more efforts are needed to charac-
terize the interaction of social rewards and social network
on brain and behavior.

Evidence characterizing the value of social rewards
(e.g., attractive faces), highlight the fact that extra effort
is made to pursue more highly valued social stimuli
across species (Deaner and others 2005; Hayden and oth-
ers 2007), which is borne out by corroborating neural sig-
nals in putative reward circuitry (Smith and others 2010).
Future investigations may attempt to more computation-
ally define the value of an in-network relationship (e.g.,
how much one would be willing to pay or sacrifice to
interact with an in- vs. out-of-network other). Furthermore,
multiple models suggest an interaction between reward-
based mechanisms and social attachment/affiliative
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A. Cooperation: Shared Reward o
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partners’ guesses (Observer)
v Outcomes
2 8 * 50% reinforcement rate
¢ Correct Guess (v') = Shared

monetary gain
Player/Observer Player/Observer * Incorrect Guess (X) = Shared
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Figure 4. Effects of social network on neural outcome value signals coding shared rewards. (A) During a shared social context,
participants played a computerized card-guessing task with a non-social (computer), out-of-network (confederate), and in-
network (close friend) partner for shared monetary outcomes (Fareri and others 2012b). A simple card-guessing task was
administered, the goal of which was to make a binary guess as to whether the numerical value of card was higher or lower

than the number 5. A correct guess resulted in the presentation of the value of the card and a green check mark indicating a
monetary gain of $4.00; an incorrect guess resulted in the presentation of the numerical value of the card and a red “X” above
it, indicating a monetary loss of $2.00. Participants took turns making guesses (Player role) or watching their partners make
guesses (Observer role) and played with one partner on each trial of the task as indicated by a photo at the top of the screen.
Participants and their partners were told that all outcomes were shared between whoever was playing on a given trial. Thus,

a correct guess on a given trial would result in a gain of $4.00 being split evenly between the MRI participant and their partner
(+$2.00 each), and an incorrect guess would result in a monetary loss of $2.00 being split evenly between the MRI participant and
their partner (—$1.00 each). In reality, an equal amount of monetary gains and losses were administered to ensure an equivalent
experience across participants. (B) The ventral striatum differentiates shared monetary gains (wins), but not losses, as a function
of social network, with strongest responses when sharing monetary gain with a close friend. This pattern of activation suggesting
increased value to sharing a positive experience with an in-network other. Figure adapted from Fareri and others (2012b), The
Journal of Neuroscience (32)26:9045-52.

mechanisms in the formation of close social relationships but also how hormones involved in affiliative behaviors
(Bickart and others 2012; Vrticka and Vuilleumier 2012). and relationship formation (Insel and Young 2001;
An interesting outstanding question in the literature isnot ~ Vrticka and Vuilleumier 2012) and genetic factors may
only how neural systems interact to support processing of ~ come into play as potential modulating factors in the sen-
social reward and in- versus out-of-network experiences, sitivity to the value of in-network relationships.
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Figure 5. Effects of social network on neural outcome value signals during a competitive social context. (A) During a
competitive social context (Fareri and Delgado 2013), participants competed for monetary outcomes with a non-social
(computer), out-of-network (confederate), and in-network (close friend). A simple card-guessing task was administered as
described in Figure 4, but with an important modification to how outcomes were administered. As this was a competitive
context, a correct guess in the task resulted in a monetary gain (+$2.00) for whichever agent was guessing on a given trial

(e.g., MRI participant or one of the three competitors), and no gain (+$0.00) for the other agent. An incorrect guess resulted

in no monetary gain (+$2.00) for the agent guessing and a monetary gain (+$2.00) for the other agent. (B) Robust responses

in medial prefrontal cortex emerge during outcome processing. When collapsing across valence, medial prefrontal cortex
exhibits enhanced blood oxygen level-dependent (BOLD) responses when competing against an in-network other, suggesting
an enhanced value to outcomes experienced against an in-network competitor. Figure adapted from Fareri and Delgado (2013),

Social, Cognitive, Affective Neuroscience, doi:10.1093/scan/nst006.

Social networks and close relationships are important
throughout life, but perhaps at no more critical time than
during development. Adolescence in particular is a time
during which social networks characterized by peers begin
to take on increasing importance (Steinberg 2008). It is
possible that approval and social outcomes administered
by peers become more highly valued (Costanzo and Shaw
1966) than approval from, for example, parents or other
authority figures. Developmental investigations have
begun to probe decision making within social contexts.
For example, adolescents tend to make increased

risky-driving decisions (e.g., running a yellow light as
opposed to slowing down) when being observed by peers
compared with older individuals (Chein and others 2011;
Gardner and Steinberg 2005); this behavioral tendency is
associated with increased ventral striatal BOLD responses
and decreased prefrontal BOLD responses when making
these decisions in the context of peers, compared with
when in a non-social context (Chein and others 2011).
These findings suggest the importance of investigating the
influence of social context on reward-related decision-
making within developmental samples. However, future
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work could be aimed at characterizing the neural and
behavioral developmental time-course pertaining to the
value of in-network interactions and positive experiences
with in-network versus out-of-network others. Findings
from such investigations have the ability to elucidate
mechanisms by which social network and close relation-
ships may influence decision-making during develop-
ment, over and above a more general social influence.
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